Chromosomes of Tilapia rendalli from river Iguaçu, particularly its nucleolus organizing regions, was analyzed by Ag-staining NOR (Ag-NOR), Chromomicyn A 3 (CMA 3 ) and fluorescence in situ hybridization techniques (FISH). Karyotypic analyses showed diploid number 2nϭ44, with 10 submetacentric (SM), 8 subtelocentric (ST) and 26 acrocentric (A) chromosomes, and constitutive pericentromeric heterochromatin standard for most chromosomes. Whereas Ag-NOR and CMA 3 detected 2 chromosome pairs, FISH method revealed 3 chromosome pairs with fluorescent signs and, thus, additional 18S cistrons. Results show that additional rDNA sites was inactive. Whilst active pairs were heterochromatic and CMA 3 positive, the inactive one was heterochromatic and CMA 3 negative.
on the species have shown diploid number 2nϭ44 chromosomes and 2 Ag-NOR pairs. Before this, Tilapia rendalli of the Iguaçu River was analyzed by conventional and banding techniques (Ag-NOR, CMA 3 , C band and FISH) in manner to improve the cytogenetic data for this species, manly in relation the NOR. Variations in the NOR carried chromosome number obtained by different methodology are discussed.
Material and methods
Karyotypes of 20 specimens of Tilapia rendalli, collected from the Iguaçu River, Salto Caxias region, were analyzed. Somatic metaphases were obtained by technique of Egozcue (1971) , modified by Bertollo et al. (1978) and chromosomes were classified by arm ratio by Levan et al. (1964) . NORs were analyzed by silver nitrate staining technique, suggested by Howell and Black (1980) ; treatment with CMA 3 , by a technique of Schweizer (1976 ), and FISH (Heslop-Harrison et al. 1991 , Cuadrado and Jouve 1994 . The fragment of 18S rDNA of the fish Oreochromis niloticus (provided by Dr. Claudio Oliveira from the Universidade Estadual Paulista, Botucatu, SP, Brazil) was used as a probe for in situ hibridization and labeled with biotin-14-dATP by Nick translation (GIBCO). Constitutive heterochromatin was obtained by technique of Sumner (1972) .
Results
Metaphase cells of Tilapia rendalli showed diploid chromosomes number 2nϭ44, in both sexes, distributed in 5 SM pairs, 4 ST pairs and 13 A pairs (Fig. 1a ). The first ST pair (pair 6) is the complement largest chromosome; it is twice as large as the complement second largest chromosome (pair 7). Nucleolar organizer region stained by Ag-NOR method showed 2 NOR pairs on the telomere region of the short arm of SM pair 4 and of ST pair 8 ( Fig. 1a ). Fluorescent bands were detected by CMA 3 in the 2 chromosome pairs, which corresponded to those observed by silver nitrate (Fig. 2a ). However, fluorescent signs in 3 chromosome pairs, including chromosomes obtained by silver nitrate and CMA 3 band (4 and 8) and a probable A pair, were detected by FISH with rDNA 18S probes ( Fig. 2b) .
C-band technique detected at pericentromeric regions in most chromosomes and telomere region corresponding to Ag-NOR ( Fig. 1b ).
Discussion
Cytogenetic studies of Neotropical cichlids revealed diploid chromosome numbers ranging from 2nϭ38 (Apistogramma borelli, Thompson, 1979) to 2nϭ60 chromosomes (Symphysodon aequifasciata, Thompson 1979) , although species with 2nϭ48 chromosomes with large numbers of ST and A chromosomes were the most frequent. Accord with revision of Feldberg et al. (2003) the Post 1965) . Although Tilapia species have been introduced in lakes and reservoirs of many countries, cytological studies on the genus are rare. Only nine species out of the 39 valid ones described for the genus were cytogenetically analyzed. Five different diploid numbers (2nϭ32, 38, 40, 42 and 44, Table 1 ) have been found, albeit the latter was the most frequent. Populations of T. rendalli of the River Iguaçu and of others locality showed diploid number of 2nϭ44 chromosomes with 5 SM pairs, 4 ST pairs and 13 A pairs. Therefore this specie showed conservative diploid number, differing from T. zilli, which presented 2 different numbers diploid (2nϭ38 and 2nϭ44 chromosomes, Table 1 ). Differences between karyotypic formula of T. rendalli specimens of the Iguaçu River and that reported by Michelle and Takahashi (1977) are due to differences in chromosome classification criterion.
The great ST pair, the largest, is shared by species of the 3 genera of the tilapiine tribe (Oreochromis, Sarotherodon and Tilapia). The above chromosome pair has not been reported in others species of the subfamily Pseudocrenilabrinae, such as Haplochromis burtoni and Melanochromis auratus (Thompson 1981) and in other species of the same family, suggesting be a derived character. According to hypothesis by Chew et al. (2002) , this pair would have originated from rearrangements of centric fusion and pericentric inversion involving three chromosome pairs. Interstitial telomere loci in this chromosome, may be interpreted as the basis for the hypothesis on fusion rearrangement during the group karyotype evolution.
In the case of Ag-NOR banding 2 NORs seem to be a common trait in cichlids (Feldberg and Bertollo 1985 , Peixoto and Erdtmann 1988 , Kornfield et al. 1979 , Martins et al. 1995 . However, multiple NOR has been reported in Crenicichla lepidota (Martins et al. 1995) , Cichlasoma paranense (Loureiro and Dias 1998) and Oreochromis niloticus (Foresti et al. 1993) . The use of specific CG fluorochromes in fish has shown bands coinciding with Ag-NORs sites (Amemiya and Gold 1986) and the region has frequently been characterized as heterochromatic (Almeida-Toledo and Foresti 1985 , Galetti et al. 1991 , Fenocchio and Bertollo 1992 . This is not even the general rule. In fact, some cases of negative C-band NOR and CMA 3 positive regions are known (Artoni et al. 1999, Borin and Martins-Santos 1999) . According to Amemiya and Gold (1986) and Schmid and Guttenbach (1988) , CMA has been used for NOR detection regardless of its genic activity demonstrating in some cases a higher CMA 3 bands number than that obtained by silver nitrate staining. This probably is due to rDNA genes, which were inactivated by regulation processes, correspond the GC specific heterochromatin.
Results in current research obtained by Ag-NOR, CMA 3 and FISH reveal a multiple NOR system in Tilapia rendalli. Whereas silver nitrate staining and CMA 3 showed only two NOR-bearing chromosome pairs, FISH detected 3 chromosome pairs with signals, and thus, additional locus 18S which fail to express themselves in the karyotype. Foresti et al. (1983) observed 2 chromosomes pairs bearing NOR in this species when submitted to silver staining, through an analysis of the synaptonemic complex. This fact corroborated the number of active sites presents in Tilapia redalli from Iguaçu River.
Active or inactive rDNA loci also differed in the bases constitution of constitutive heterochromatin and CMA 3 banding. While active pairs were heterochromatic and CMA 3 positive the inactive nucleolar pair was heterochromatic and CMA 3 negative. Consequently, differences in the constitution of bases between active and inactive rDNA were evidenced.
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